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5P-IOu is the designation Zor a nuclear re_,ct,r-bas,,d i,,_.er I,lant

being developed for both civil and miiitar} missions besinning in tl_L.l_(s

for such potential space applications as communication satellites, sl.ace

radar, electric propulsion and space stations. Typically, ,i sy:stcm u_ing tl_t_

SP-IO0 along _ith a selected upper stage system would be launch_d by tI',L.

National Space Transportation bystem (hSl'b) bpace 5huttl_ 5ystem into a n_ar-

earth orbit, deplo_ed, and through upper s_age propulsion burlr_s) b_- ins_,rted,

transferred to its mission orbit, lhe nature o_ the advanc_o desisn bP-Io_,

gives rise to a set o_ issues that require special attention to assure that

payloads using this power plant are physically and _unctionally comp,L."b1_

with the NSRS and meet the safety requirements thereof, lhe purpos,: of this

document is to define and present the requirements and interface provi:ions

that, when satisfied, will ensure technical compabiliL5 between 5P-IOO systems

and the NSTS.

Following an overview description o_ the NSTS is a presentation o_

the typical Shuttle/upper stage ground and flight operations. The 5huttle

performance capabilities are then summarized, _ollowe_ by summary pertormance

capabilities of feur NSTS upper stages that could be selected tor achievin_

orbit transfer from the Shuttle parking orbit. The process by which an bP-lOO

would be integrated with the upper stage and with the 5pace Shuttle Vehicle is

then explained. Payload accommodations and interface requirements/constraints

provided by the Shuttle System are high-lighted (primarily by reference),

followed by the interface requirements and constraints provided by the four

potential upper stages. Finally, requirements for interface verification are

then presented.

It should be pointed out that although the 5P-IOU aesign utilizes a

nuclear reactor power source, the reactor would be inert with insigniticant

radiation levels during all prelaunch and launch operations, lhe reactor _ill

be designed to remain subcritical in all accident modes, and woula not be

started until after the SP-IO0 payload is deployea from the Shuttle and inset-

tea into a nuclear-sa_e orbit. Because of the security aspects associated

with the presence of nuclear materials, special security precautions would be

required during the prelaunch operations. Based on a preliminary review o_

both the nuclear reactor safety an_ security issues, however, there do not

seem to be any problems peculiar to the 5P-IUO design that would prevent the

launch of 5P-IO0 by NbTS, Potentially, SP-IO0 could also contain a radio-

isotope thermoelectric generator (N_G) auxiliary power source with a design

similar to the Galileo R_G. $hould an RTG be utilized, it is expected that

the various procedures and precautions established for the Galileo application

would be acceptable and applicable for SP-IO0.

I-I



SECTION-_

NSTSOVERVIEWDESCRIPTION

2.1 NSTSDEFINITIONANDTERMINOLOGY

The NSTSconsists of tile Space Shuttle System (SSS); wlrious upper
stages; the ground support system at the Eastern and Western Launch Sites (ELS
and WLS); and the mission operations system, including the Tracking and Data
Relay Satellite System (TDRSS). The SSSprovides the Space Shuttle Vehicle
(SSV) flight system, the NSTSlaunch and landing sites at ELSand WLSwhere
the SSV is processed and launched, and the NSTSMission and Control Center at
Johnson Space Center (JSC) which plans and supports all NSTSmissions. Com-
prising the flight system is the Orbiter, an external tank and two solid
rocket boosters (SRBs).

The key source documents to be used by potential users of the Space
Shuttle System are JSC 07700, Volume XIV (Ref. I) and its Attachment 1
(Ref. 2). These documents are the official, controlled set of Space Shuttle
capabilities and interfacing provisions by which payload planning and design
are to be conducted. Reference 2 depicts specific definitions of payload
interfaces, and for convenience is identified separately from Vol. XIV
(Ref. I), which presents general payload accommodationdata.

The terminology used in this report generally conforms to that de-
fined in Refs. i and 2. For this report it is assumedthat the SP-IOO is the
only user of the Shuttle for the assigned launch. "Payload" .hen is everything
in.the cargo bay, and as such would comprise the detachable payload, airborne
support equipment (ASE), and any mission-peculiar equipment. The detachable
payload is the integrated SP-100 Flight System (SFS) and upper stage nhat are
deployed from the Orbiter. The SP-IO0 flight system would comprise the SP-IOO
power module and the spacecraft (including the spacecraft/ upper stage adap-
ter). In somesections of the report the SP-IOOFlight System is variously
referred to as "SP-IO0" and "Spacecraft", but this should not be confusing in
the context in which such terms are used.

2.2 GROUNDANDFLIGHTOPERATIONSSCENARIO

The sequence of operations associated with an NSTS-launched SP-IOO
payload from KennedySpace Center (KSC) can be classified into the following
phases: (a) pre-launch, (b) ascent-to-orbit, (c) on-orbit operations (cargo
bay doors closed), (d) on-orbit operations (cargo bay doors open, and including
deployment of the payload from the Orbi=er), (e) post-deployment and, if re-
quired, (f) abort (including reentry and landing). Typical functions and
activities that could occur during these operations and that the payload would
have to consider during early design are summarizedbelow. For purposes of
describing the pre-launch operations, it is assumedthat the payload is vert-
ically integrated into the Orbiter and tha_ the payload is for a NASAmissior_.

Services provided by the Orbiter at the launci_ pad are described in
paragraph 5 of Ref. I. Ref. 3 provides official information on tt_e launch
site capabilities and processing guidelines for the launch site operations.

2-I
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2.2.1 Pro-Launoh (l.,lunch .%it_, t)p_,r.lt i ,n_)

[t is expected tllat tlm SP-I,I _') Yli ;ht S,.'qtcm ,._ill b_. d,,It,.',,r,.,d t,,

KSC in three main units: spacecr.-,lt, p,_t;ct :n,_dulc, ,t.d i/F¢;(_)._ (il *l_,:_ll. i'_tc

_pacecraft ,_nd power mod_lle will be transported k_ th,, P._'-l,n_d Proc,.s:sin/

Facility (PPF) and tiazardous Processing F,lctlity (ItPF), respectivol/, t,Jr

receiving insp,.ctton and assemblv/servt,.'in;/checkout as rc,-lt_irc, d. .ie_',_rit,.'

and health phys/cs services for the power module thr,mghout all ground olmr-

ations ,:ill be provided by KS(2. The spacecraft wilt be delivered t,_ tim itPF
for servicing as required and assembled to tim power module, the RTt.s ;viii bc

delivered to the KSC RTC, storage facility to undergo power verification, test,

servicing and mechanical preparations, prior to being transferred to the NPF

for RTG compatibfll[tv tests and to the Rotating Service Structure (RSS) at ti_e

pad for ins_lllation into the flight system. When all HPF operations have

been completed, the integrated module/ spacecraft wflll be transported to the

Vertical Processing Facility (VPF) for mating with the upper stage and cargo

interface verification testing using the cargo integration test equipment

(CITE). An end-to-end test will be conducted, if required, after the CITE

tests. Finally, an ordnance systems test would be conducted and cargo closeout

activities initiated. Upon completion of the VPF operations, the payload would

be installed into the multimission support equipment canister and transferred

to the pad for installation flnto the RSS. Once at the launch pad the canister

would be hoisted into position and the payload extracted from the canister by

the payload ground-handling mechanism (PGHM) and retracted into the RSS. At

the appropriate time the payload would be inserted into the Orbiter carFo bay

using the PGHM. The RTGs (if used) would be installed and Shuttle/payload

interface verification tests conducted, followed by end-to-end data and com-

mand tests (fir required). Any SP-IO0 Flight System "carry-on umbilical cable"

would then be removed, the Shuttle cargo bay doors closed, and final countdo,_n

to launch commenced.

2. 2.2 ,.\scent

During ascent, the cargo element should be as quiescent as possible,

consistent with cargo element operations to avoid hazardous situations that

could result in an aborted flight or present a hazard to the crew or Simtt[e.

2.2.3 On-Orbit Operations (cargo bay doors open and closed)

The Orbiter cargo bay doors should be assumed to be opened no sooner

than I hour after launch and no later than 3 hours after launch (if not opened

3 hours _fter launch, the Orbiter will return and Landing will be completed by

launch + 6.5 hours maximum). In general, the Orbiter will maintain a payload

bay-to-earth orientation except for periods when the payload needs reortenta-

lion for establishing reference attitudes to be used subsequent to deployment.

Expected Orbiter pointing accuracies are described in para. 3.2 of }lef. I.

Deployment of the payload will be controlled by th_ !'light crew,

with ground assistance as required. Typically. the Orbiter primary relctt_m

control system (PRCS) will be deactivated, the payload rotated to the deploy-

merit attitude, and deployment will occur by a separation _ignal from the

2-2
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Orbiter to the payload. _Ioans or deployment will be the re._ponsii_ilit:y ,)I the,
payload. In the event of an aborted deployment, tile ,,)ayload must h,lvu tile
capability to be reconfigured to a :_afe condition for landtn:-.

'2. 2.4 Detached Phase

After deployment:, the payload must coast, f,)r the period needed t,)

achieve a safe distance from the Orbiter before the propulsive stage firing

and/or deployment/separation of i payload appendage or separable devtce. The

safety requirements associated with such operations are detailed tn Ref. 4.

2.3 SSV PERFORHANCE CAPABILITY

Figure 2-I shows total cargo weight as a function of circular orbit

altitude for delivery flights from KSC at an inclination of 26.5 degrees. [t

should be noted that thege capabilities are nominal, near-term values, and that

specific performance expectations for particular Shuttle vehicles and other

progr-am variables will be made available by JSC when needed and requested.

For estimates of on-orbit capabilities of such parameters as stay

time, navigation accuracy, pointing accuracy, attitude hold duration, etc.,

see paragraph 3.2, Ref. i.

100XI0 3
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I0
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.6o

100 200 300 400 $00
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l i I I 1
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IREF: JSC 07700, VOL XIV]
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Figure 2-I. Near-Term Cargo _qeight Versus Circular Orbital

Altitude - KSC Launch, Delivery Only
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g_t[mat.ed perfor._ance c'Ipabilitie_ )f var[o_,_ _ipp,_'r-;t,1;:_:_ f,_r

orbit transfer from a ISI]-nmi Shuttle parking orbit are present,_d tn Ft._,ir,.-_

2-2 throuBh 2-11.

Figure 2-2 _hows the delta-V awli[ab].e from t:le Ce¢itaur (; _ ,i

function of payl.oad mass for orbit inclinations between 28.5 and 9_J d'_grees.

Orbital inc[inati.ons between 57 and 70 degrees are no_ available fron Cap_:

Kennedy due to restrictions on Shuttle launch azimuth. The dasI_ed [i.ne por-

tions of the curves indicate that Centaur propellant must be off loaded to sta'f

_¢itI_in the cargo capability of the Shuttle. Figure 2-3 shows the performance

capability in terms of circular orbit altitude achievable as a fur_ction of

payload mass. Figures 2-4 and 2-5 show similar infoLmation for the Centat:r G'.

Figure 2-6 presents the delta-V capability of the Transfer Orbit

Stage (TOS) currently under development. De[ta-Vs i.n exces_ of 3200 m/s _[ll

result in planetary escape. This solid propellant stage cannot be restarted

(as is the case with Centaur G and G'), so the TOS performance is sho_n in

Figure 2-7 in terms of the apogee of the transfer orbit as a function of

payload mass. The minimum delta-V from the TOS is limited by the amount of

propellant offload (50%) allowed. Figure 2-8 presents the additional deita-V

needed to circularize the transfer orbit as a function of circular orbit

altitude. This circularization capability would necessarily be provided by

the payload.

Figures 2-9 throuBh 2-11 present th= performance capability of the

two-stage (standard) IUS for orbit transfers from a 150-nmi (278 km) Shuttle

parking orbit. Performance is shown in terms of delta-V available from each

of the two stages. Figure 2-9 presents the delta-V capability of the IUS

_tages as a function of payload mass. The total delt=-V available for a given

payload is obtained by adding the capability of both stages. Figures 2-.10 and

2-11 present the delta-V and altitude capabilities of the !US staBes when

delivering a payload to circular o_bit. For payloads less than 3300 kg, a

fully loaded Stage I is used along with an offloaded Stage 2. For payloads

greater than 3300 kg, a_ offloaded Stage i is supplemented by a fully loaded

Stage 2. It should be notad that offloading of either stage is limited to 50_.
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'.,;SI'Sj PAYLOAD !LFE_.;R,\T I¢_:_ PP,¢Ic:ESS

The process of inter;rating payloads ,_:iLh the :qSTS ks explained in

Ref. 5. The following paragraphs summarize some of the steps necessary for,

and the requirements and activities associated with, the proce:_s.

3.1 PROJECT/NSTS INTERFACING AND PLANNING

Formal interaction between the SP-IO0 project, the apprepr[ate NASA

Program Office, and the NASA NSTS utilization office, is initiated at tile time

of project start by a "Request for Flight Assignment" (Form I00). The Project

is formally recognized at this time, and activity is initiated between the Pro-

ject and the STS Mission Integration Office at JSC to resolve Shuttle/payload

integration issues. A project engineer is assigned as the single point of

contact from the JSC STS Payload rncegration Office. He _ill coordinate all

meetings and contacts with the NSTS element throughout the integration process,

and _Jill assure that integration activities and analyses are performed to

support both the Shuttle requirements and the payload requirements. The flight

assignment process, an internal activity of the NSTS, will develop and maintain

a cargo manifest and flight assignment schedule.

The two controlling documents that define the interfaces and inte-

gration processes relative to the NSTS/Payload integration and interface engi-

neering are _he Payload Integration Plan (PIP) and tne Payload/;_STS Interface

Control Document (ICD).

The PIP is initiated when the payload has been assigned to the JSC

NSTS Operations Program Office. Prograrmatic and technical relationships

between NSTS and the Project are defined in the jointly prepared PIP. It will

be the controlling document between the NSTS and the project, and will define

management roles, working relationships, and responsibilities. In addition,

the PIP defines the technical baseline for implementation; establishes guide-

lines and constraints for integration and planning; defines integration tasks

to be accomplished; establishes operational support requirements, interface

verification requirements, and control schedules for all major integration

activities; defines safety requirements; and summarizes the optional services.

The outline of the basic PIP is shown in Ref. 5. The format and contents of

the PIP for deployable payloads and those with direct Orbiter interface are

provided in Ref. 6. In addition to the PIP, IO PIP annexes developed jointly

by the Project and the NSTS provide detailed data to support NSTS flight and

ground operations. _here is a standard format provided for ti_ese annexes and

assistance is provided by JSC in developing the documents. The payload

requirements from these annexes are integrated with the NSTS standard pro-

cedures and ultimately result in fligi_t and ground operaLions implementation

documentation. A _iven mission may not require all annexes.

The Project v;ill work with JSC to develop the Payload/;{STS ICD,

which will define the payload and NSTS integration and interface req,lirenents

and constraints, and will be written on a line-by-line basis against Ref. z.

The ICD "4ill reflect the Project system interface requiremL_.nts and con_trair_t_
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to ensure complete systems Fro brammatic an_ technical c_)mpatibitit_. I!,_

mechanical and electrical interlace control drawin_.s wiIi be an inte_,ral part

o!: this ICD. The I_.D is produced and approve_ by Obj. and then submittv-_l to

the b roject for approval,

I,NREGR,XTION/-INIERFALE _OI_KI._G oROLPb

Integration/interface _orking _roups are used b) the ._b]b Pa.vloa_

Integration Office as a means of accomplishin_ the integration and _light

implementation process, lhe working groups are supported b) all organizations

necessary to assure a successful integration and launch of the Shuttle _ith

the particular cargo. Typically, the _,_orking groups _,ill be governe_ by an

interface management working group (I,_I_,), co-chaired by representatives _rom

NbTS and the Project. Six working groups generally are formed: Structural,,

Mechanical, Thermal, Flight Operations, Avionics Softsare, Oroun= Operations,

and Mission Flight Design.

Specific scheduling of the inter_ace workin_ group activities with

milestones and deliverables will be tied to the project development ana Nblb

operations schedules. The D_G should meet as soon as possible a_ter Nission

Project start to begin to establish the joint actLvities schedule.

3.3 NSTb/KSC OPERATIONS/INtERFACE PLANNING

kennedy Space Center is responsible for hSlb and cargo-ground facil-

ities and operations at kSL including ground safety and all support activit}.

Requirements that are established for groun_ operations are documente_ in the

PIP Annex b, the "Launch 5ire Support Plan." lhe Ground Operations Workin_

Group provides the forum for identifying these requirements, defining and

controlling the payload-to-KSC interfaces, and defining launch activities, in

addition to these formal interfaces with KSC, additional activity is requireo

to support cargo test team activity; develop launch processing plans, stand-

alone test procedures, and inputs to integrated test procedures; abort plan-

ning; and present the KSL safety reviews as discussed in paragraph 3.4 belo_.

3.4 SAFETY REVIEWS

All SIS users must implement the payload system safety requirements

of the NASA headquarters Mandbook, "ba_ety Policy and Requirements for Payloads

Using the Space Iransportation Systems" (Ref. 4), and "Space Transportation

System Payload Ground Safety handbook" (Ref. 7). Guidelines and instructions

for implementing these requirements are provided in Ref. 8. Briefly, the 5Tb

operator reviews and evaluates the payload safety data, evaluates safety-

related modifications, and provides approval/concurrence or requests further

action. As many as four flight and ground safety reviews will be conducted

(Phase O through Phase iii) _ith an initial introductory and _uideline meeting

held with the mission pro_ect. Objectives of each review are described in

Ref. 8. lee phased safety reviews are intended to occur at times of increa-

sing maturity of the flight system design. Timinb of the reviews for planning

purposes can be assumed as folJo_s: Phase O - concept; Phase I - Preliminary
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Design Review; Phase [1 - Critical Design levie_,,; Phase L[[ - ilardw,Ire

deliver},. Actual schedules will be established with ti_u pr,}je,,'t bv .JS¢2,KS,2 ,}n

the basis of tile projec[ schedule.

3.5 NSTS/KSC ."IAJOR REVI.EWS

C)ther major reviews are conducted by the NASA iLeadquarter_, the JS(."

Mission integration Office, and KSC to assess _he implementation of the car_o

integration activity. These reviews, listed below, aid both the STS and ti_e

user in assuring that the launch vehicle and cargo are ready for the mission.

Cargo Integration Review (CIR): The first review of consequence

held by JSC where all cargo elements for a specific flight are reviewed

together to assure they can be physically and functionally integrated into ti_e

flight.

Flight Operations Review (FOR):

operations implementation development.

leview to status the STS flight

Integrated Hardware and Software Review (IH/SR): Review to ensure

the STS-provided hardware and software are compatible.

Ground Operations Review (GOR): Review to assure readiness and

agreement to the overall support of the launcL_ and landing site for ground

integration activities.

Flight Readiness Review (FRR): Review conducted to verify that all

cargo/STS integration activities are complete.

3.6 SP-IO0 FLIGHT SYSTEM TO UPPER STAGE INTEGRATION

The following discussion explains the process by which the Flight

System is integrated with the upper stage (US). this approach assumes a NASA

mission, with the US represented by a NASA Center payload and is based pri-

marily on Galileo experience.

To implement the integration of the Flight System with the upper

stage, two jointly chaired panels, the Hission Integration Panel (>liP) and the

Mission Design Panel (MDP), would be established. Ihe panels would consist of

representatives of the SP-IOO Project, Shuttle/Upper Stage Project, NASA Head-

qua.rters, and NSTS (JSC, KSC and supporting contractors). The purpose of ti_e

MIP would be to provide the SP-IOt) Project and the Shuttle/US Project assurancu

that the SFS/US inteBration requirements are accomplished on mutually accep-

table schedules and with completely satisfactory technical resolution. The

purpose of the MDP would be to interchange mission, SFS and upper stage system

technical information for the development and analyses of launch vehicle

performance, launch period, trajectories, and guidance and control for the

SP-IO0 mission.
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SEC ['iON 4

SPACE SIIUTTLE-TO-PAYLOAD [NTERF:\CE CH,\RACTEI'ISTI('S

The following sections summarize the Space Shutt[e cap,¢Oi[ities md

payload interfaces provided by tile baseline Shuttle System for cargo u._c a._

presented in Refs. 1 and 2. The constraints ilia[ shall be observed by #ayl,_ads

using the interfaces defined are included also. The information presented here
ts in summary form; Refs. 1 and 2 should be consulted tf additional data ts

needed for a particular interface. It should be emphasized that the accommo-

dations and interfaces described below are those that are provided to the

total Shuttle cargo. Section 5 summarizes the pertinent characteristics and

constraints at the SP-IO0 Flight System-to-upper stage interface for four

candidate upper stages: Centaur G, Centaur G', Transfer Orbit Stage (TOS),

and the Inertial Upper Stage ([US).

4.1 PHYSICAL INTERFACE

4.1.1 Coordinate Reference Axes

The payload coordinate system, relative to the Shuttle Orbiter coor-

dinate systems shall be as shown in Figure 4-I. The payload X-axis is coinci-

dent with the Orbiter cargo bay centerline and is positive down with the Orb-

iter in launch position. Payload elements may choose to use a different set of

coordinates, but all payload coordinate data transmitted to the Shuttle Program

must be in accordance with the coordinate system illustrated in Figure 4-1.

4.1.2 Allowable Thermal and Dynamic Envelope

The maximum allowable payload envelope in the cargo bay shall be a

clear cylindrical thermal and dynamic envelope, 15 feet in diameter (Yo -90 _o

Yo +90; Zo 310 to Zo 490) and 60 feet in length (Xo 582 to Xo 1302). This

envelope includes all payload thermal, dynamic and static deflections begin-

ning with installation of the payload and ending with payload deployment or

removal. Other details of the physical interface locations of the cargo Day

are shown in paragraph 3.1.2, Ref. 2.

4.1.3 Interface Locations and Attachments

The various Shuttle Orbiter Payload physical interfaces and loca-

tions for structural, electrical and fluid accommodations are described in

paragraph 3.2.1, Ref. 2.

Multiple attachment points are provided along the cargo bay for

structural attachment of payloads to the Orbiter. The attached points on

bridges supported from primary frames are available at 3.933-inch increments.

The payload (or payload carrier such as an upper stage or cradle) shall be

supported at these locations on payload trunnions extending beyond the payload

envelope in the + Yo direction at Zo = 414 and in the minus Zo direction at

Yo = O.
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Electrical interface accommodations are available only at the Lar_J

element end of Standard Mixed Cargo Harness (S_ICH) cables i_I tile cargo l_a,_v a

Standard interface panels are located on the port and scarboard side_ of tht_

cargo bay. The electrical wiring interfaces of the S:.ICHaccommodations,

including connector and pin assignments, are given ill Section 13._), I_,_:. 2.

4,2 STRUCTURAL INTERFACES

Paragraph 4.0, Ref. 2 details the constraints o_ the payload struc-

tural interface design, and the factors to be used in preliminary design of

payload primary structure and for determining preliminary Orbiter/cargo inter-

face loads. The allowable cargo center of gravity (cg) limit, defi_ition of

acoustics and vibration levels in the cargo bay, and acceleration levels for

various Shuttle operations and conditions are included.

Note that the latest revision of Vol. XIV, Attachment i (Ref 2) does

not include Interface Revision Notice 235, which revises the payload prelim-

inary design angular accelerations load factors tabulated in Tables 4.1.)-2

and 4.1.3-4, Ref. 2.

4.3 FLUID INTERFACES

The Shuttle provides fluid interface provisions necessary to fill,

purge, vent, and/or drain payload consummables. Physical characteristics of

these interfaces for GSE cooling, payload heat exchanger, 02/N2 supply, payload

purge spigots and umbilical panels are contained in para. 3.3, Ref. 2.

4.4 ENVIRO_IENTAL CONTROL INTERFACES

Prior to closure of the Orbiter cargo bay doors, the cargo bay atmo-

sphere is controlled by ground support equipment (GSE), at a nominal temper-

ature of 70°F + 5OF. Following cargo bay closure, a flow of conditioned

gas (air or GN2) will be provided in the cargo bay. Unless otherwise negoti-

ated, the inlet temperature of this gas will be 65°F + _°F. Spigot coolant

in the cargo bay is available to dedicated users, non-standard ducting is re-

quired. Cooling water from GSE is specified in Ref. 2, Section 6.4.

The Orbiter thermal capability as a function of vehicle attitude is

specified in Section 6.0, Ref. 2. Typical temperature ranges at the cargo bay

walls are defined in Ref. 2, para. 6.1.4. Actual temperatures are dependent

upon flight parameters and cargo element configuration. The maximum temper-

ature for the radiation panels when the doors are closed will not exceed

210OF. For payload-active thermal control requirements, a payload heat

exchanger within the Orbiter is used for transfer of heat from the payload

coolant t_ _e Orbiter's active thermal control subsystem (ATCS). Either

water, Freon-21 or Freon-ll4 may be used by the payload as a coolant. Details

of the heat exchanger service and the heat rejection capabilities provided by

the Orbiter are defined in Ref. 2, para. 6.2.2.
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4.5 ELECTRICAL POWER iNTERFACE

Total electrical power available the payload is 50 kwh at I

nominal 28 Vdc on flights up to seven days. _,.-cause ot heat removal c,m-

straints imposed by the Orbiter, maximum power drawn by tl.e ¢ar_o during the

various phases of operations is limited. These limiting values, along ,.,ith

the DC and AC power characteristics at the interfaces, are detailed in Section

7.c), Ref. 2. Additional power Ls available through the installation of one

electrical power system kit, which will provide 840 kwh.

4.6 AVIONICS INTERFACES

Avionics accommodations provided to payloads include data necessary

to initialize the payload, onboard digital computation, reception of uplink

commands and data, transmission of digital and wide-band data, data _rans-

mission =o the de=ached payload, and capability to track. Services and inter-

face charac=eristics of these accommodations are discussed in Section 8.0,

Ref. 2.

4.7 ENVIRONMENTAL REQUIREMENTS

The natural environments to which the payload may be exposed during

operation with the Space Shuttle System are described in Section 4.0, Ref. I.

Section I0.0, Ref. 2, defines the Shuttle-induced environments, including

vibration, acoustics, shock, load factors, temperature, particulates and gas

environment, electromagnetic compatibility, nuclear radiation and illumination.

4.8 OTHER INTERFACES

Nominal locations and orientations of the various Shuttle engines

and plume descriptions are presented in Section II.O, Ref. i.
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SECTION5

iNTERFACECRARACTERISrlCSANDREQUIREMENTSOF NSTSUPPERSTAGES

This section describes the pertinent interfaces provided by four
NSTSupper stages - Centaur G, Centaur" G' (formerly Centaur F), Transfer Orbit
Stage (TOS), and Inertial Upper Stage (IUS) - which are likely candidates for
providing the additional mission energy requirements over that available from
the Shuttle Orbiter for an SP-IO0 mission. Performance capabilities of these
stages are presented in para. 2.4.

5.1 CENTAUR

Figures 5-I and 5-2 show configurations of the Centaur G and G'
respectively, in the cargo bay with stations referenced to Shuttle coordinates.
Because interfaces with the SP-IO0 flight system generally are the same for
either Centaur G or Centaur G', the interfaces described below are in terms of
a "Centaur". However, each vehicle is treated separately where the interfaces
are different. Refs. 9 and I0 provide technical descriptions of the Centaur G
and G', respectively.

5.1.1 Structural/Mechanical Interfaces

5.1.1.1 Interface Locations and Attachment. The SP-IO0 will mechanically

interface with the Centaur at the forward field joint of the Centaur equipment
module at Xo = TBD. The bolt circle of this interface is 108.6 in. in

diameter. Interface attachment for the Centaur G will be by either an 8-point

bolt arrangement or a continuous ring; the Centaur G' is via a continuous

ring. Specific details of these interfaces are TBD.

The electrical interface between the SP-IO0 and Centaur shall be a

connector island lecated on the SP-IO0 side of the field joint on the SP-IOO-

supplied spacecraft adapter.

An insulation blanket (type TBD) will be provided by Centaur

between Centaur and SP-IOO in the internal cavity between the adapter and

Centaur equipment module to minimize radiant heat transfer. The blanket shall

be attached to the Centaur equipment module.

5.1.1.2 SP-IO0 Separation from the CeDtaur. The SP-lOO/Centaur separation

plane shall be on the SP-IO0 side of the field joint. SP-IOO shall provide

the mechanism that causes the separation, and also the means for initia_ing

the sequence. The Centaur can provide the separation system ordnance power,

[f required.

5.1.1.3 Structure and Loads. The SP-IO0 Flight System shall be designed to

accommodate the flight loads of Shuttle lift-off, ascent-to-orbit, Centaur-

powered flight, and Shuttle Orbiter abort landings. Preliminary loads for

SP-100 design may be determined from the mass acceleration curve shown in

Figure 5-3 for component masses less than i000 kg, and from section 4.1.3 of
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Figure 5-I. CenLaur G Configuration

5-2



D- 1(.)69

U--

_o
_z

_. ×°
LU

2

 rlriJllJrllllII!lll xIiiilrllJiiirlllll__

0',

x °

_,<u.m

S'

I

I

U

I

0

5-3



i)-I ,)h _

0
U

661

U
U _--

('J) NOILV'_3"I]DDV ]SNOdS]_I DIV_NAG

o

i

V

-r
O
m

>.
m

I--
U

tl
II
ELI

-- O

"¢,

E

m

k.

L

I

5-4



JSC 07700 _ol. XIV, attachment 1, for component masses 15rearer than ltJOL, kg.

Both the curve in Figure 5-3 and the Vol. XIV data are limit loaas and shoulG

be multiplied by a factor of safety o_ 1.4 to obtain ultimate load_. ]he mass

of the subs>stem or component being investigated and the direction o_ tlJe loaa

factor shall be chosen to proGuce the maximum member loaa. The final a_-si_n

loads shall be determined by a coupled transient analysis a5 determined by tlae

appropriate interface working group.

The SP-100 Flight System structural moael for the integrated 515/

Payload control/structure interaction and stability analyses shall be in accor-

dance with the SP-100/Centaur Loads Analysis and Dynamic Interface

Verification Plan (TBD).

The safety factors to be used in the structural design sl_all be in

accordance with hhb 17UU.7A (Ref. 4). The _P-IUO minimum factor o_ salety for

structure for flight phases shall be 1.4 while attached to the Orbiter, and

1.25 when deployed from the Orbiter but attached to the Centaur. Pressurized

structures and vessels shall have an ultimate safety factor of t%o, and pres-

sure lines and fittings an ultimate safety factor of four.

5.1.2 Thermal Interfaces

The physical interface between the SP-100 and Centaur ks aescribea

in para. 5.1.1.1. Physical contact occurs only at the attachment points and

electrical interface connectors with appropriate contact conductance applied

at the specific contact locations. The heat transfer mode across the 10b.0-

in.-diameter interface is radiation. The Centaur will provide an insulation

blanket across this interface. Raaiative properties of this blanket on the

SP-100 side are TBD. Estimates of the thermal environment that the SP-IO0 ma>

be exposed to during various phases of NETS mission operations are described

in para. 2.4. Thermal control constraints during launch, on-orbit operations,

and Centaur-powered flight phases shall be resolved through the appropriate

techn£cal working group and controlled by the 8P-100/Centaur mechanical I_D

(TBD).

5.1.3 Fluid Interfaces

There are standard fluid interfaces provided by the Centaur for R_G

cooling or science instrument purge, if required.

5.1.4 Avionics and Electrical Power Interfaces

5.1.4.1 Electrical Power Interfaces. Power to the _P-100 from prelaunch

through separation of the SP-100 from the Centaur will be distributeu through

the Centaur Avionics System. During prelaunch, ascent and on-orbit phases, the

power to the spacecraft will be provided from 5P-IO0 electrical ground support

equipment (EGSE), Shuttle Orbiter, or Centaur/ClEb _LISE: Centaur Integrated

Support System) as required, lhe Centaur and/or CASE batteries are controlled

by the Centaur avionics to assure continuous uninterrupted pow_.r to the _P-IDU

i_ Orbiter power ks lost. The average continuous power available to the 8P-IUO
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will be 4(,lJ_,atts at 2b + 4 Vdc. Special po_er requirements by 5P-IOO shall

be resolved by the appropriate technical _.orkin_ group and Gocumentecl in tl_e

SP-100/Centaur hlectrical ICD (TBD).

5.1.4.2 Telemetry. The NSTS kill transmit contlnuousl), in near-real time,

SP-100 engineering telemetry aa_a from launch to separation of the 5Fb from

the Centaur. 5P-IO0 engineerinh telemetry rates during ascent, ann aurin_

SP-100/ Centaur post-aeployment operations through separation of the bP-100

from Centaur, is limited to 2 kbps. }or SP-10O verification testing during

on-orbit operations, aata rates up to 32 kbps can be accommoaatea via the _$T5

S-band; with the Ku-band _stem, rates up to 64 kbps can be han.]led.

The block diagrams in _i_ures 5-4 ann 5-5 show the centaur/Orbiter/

SP-100 telemetry functional interfaces.

5.1.4.3 Commands. During the attached phase when the Lentaur/SP-l_O are

located in the Shutt'e Orbiter cargo bay, the Shuttle Orbiter will provide the

capability of transmitting serial commands to the bP-100 , a the Centaur

interface. After deployment from the Orbiter, serial commanas to the SP-IOO

cannot be provided. For the detached phase through separation of the 5P-ibo

from the Centaur, the Centaur can provide discrete commands to the SP-IO0.

The Centaur will have the capability of providing up to eight discrete com-

mands, redundantly, to the SP-100 at any time from launch to separation,

repeatedly and in any preprogrammed sequence. Also, the capabilit_ exists to

provide four additional discrete commands, redundantly, which may be pro-

grammed to be initiated at some elapsed time after bP-iUO/Centaur separation

from the Shuttle Orbiter. The separation event starts the elapsed time.

The command functional interfaces are presented in Figures 5-4 _na

5.1.5 Centaur Environmental Interfaces (Detached }'light)

A preliminary estimate of the Centaur boost accelerations in the

thrust direction are shokn in Figure 5-b. For preliminary aesign the acceler-

ation levels shall be multiplied by a factor of 1.25.

5.2 _kAN$_hk ORBIT SIAGE (IOS)

Figure 5-7 sho_s a sketch of the Iransfer Orbit Stage configuration.

The preliminary requirements and and capabilities describe_ belo_ kere =erive_

from Ref. 11.

5.2.1 btructural/Mechanical Interfaces

5.2.1.1 interface Locations and Attachment. lhe physical interface o_ the

spacecraft kith the TOS vehicle kill be with the standard _05 interface _hown
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Figure 5-5. Telemetry and Command Functional Interfaces with Centaur

(Detached Phase)
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in Figure 5-_. A ph>'sical interIace auapter, iI rc, quir_,,4, _li.lll hr. l,r,,\'ic_l.d

by the sFacecratt to attach to th_ standard T_,,_,._l;,_c,,crnJt iIlt,,r_,Jcc,, i,l_t-

eners shall be provided by the: ._pac_craIt.

5.2.1.2 _P-IOO 5eparation trom iOb. _Ihe IOS/SP-IUtJ sc, i,aration s._,_tc, m,
except for the separation ordnance power and _i_nal as aelined [n para. 5.2.4,

shall be providecL by the 5P-1UO. ]_he _paration _hall be url the: _{,acecratt
side ot the stanaard TOS/ 5pac_craft attachment interlace.

5.2.1.3 Coordinate keference Axes. ]he relationship o_ coordinates bet_,e_.n

the _O5 and the Orbiter shall be as shown [n _i_ure 5-9.

5._.I.4 Allowable l hermal and D_namic hnvelope. The maximum spacecratt

envelope, including any aaapter, shall be as indicated in bi_ure 3-1o. lhe

spacecraft thermal, dynamics and static deflections shall be contained within

this envelope, beginning _ith installation of the mated TOb and ending with

p redeployment tilt-up.

5.2.1.5 Structure ana Loads. 2he 5P-IOO ._light bystem shall be desi_neo to

accommodate the flight of Shuttle liftof£, aucent-to-orbit, II_b-po_ered fli_hL,

and 5huttle abort landings. (.haracteristics of the Shuttle-inducea environ-

ments are described in para. 10. O o£ kef. 2. lhe shock environment pro_uce_

by IOb at the TOb/SP-100 interlace, and the boost acceleration provided by the

TO$ to the $P-I00 during (_etached fligl:t, are as described in para. 5.2.5.

The factors of safety to be used in the structural designs shall be

as discussed in para. 5.1.1 above.

5.2.2 Thermal Interfaces

Physical contact occurs at the SP-IOO/TO$ mechanical attachment

interface described in 5.2.1.1 and the electrical interface connectors aes-

cribed in 5.3.4, with appropriate contact conductance applied at the specilic
contact locations. The thermal conduction at these inter_aces shall be

limited to IBD cal/sec - °C (TBD BTb/sec - OF). The thermal radiation

interchange between lOS and the spacecraft is TBD. The TO5 _il_ provide, il

required, a multilayer ins-,l_tion (MLI) blanket across the inter_ace to limit

the interchange to _bD cal/sec - (°L)k [IBD Blb/sec - (°_)kJ. The maximum

penetration of the _OS thermal blanket above or below the _O5/Spacecratt inter-

face plane, due to billowing during ascent, will not exceed IBD inches.

5.2.3 Fluid Interfaces

There are no standard provisions for TOS-to-spacecratt fluia

interfaces, l herefore, any purge gas requirements by a _pac_cratt usin_ th_

baseline _05 will be the spacecraft responsibility. ]05 will make availabi_

as an optional kit provisions to accommodate a thermally protected _cience
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instrument purge line (ll4-in. Oh) along the 1Ub, an_ space on the ]o_ AbE

(cradle) for mounting a _urge purification equipment package. In this ca_e,

the Orbiter would provide the purge has.

5.2.4 Avionics and Electrical Interfaces

Stanaard TO5 electrical interfaces are provided for distributin_

ordnance firing power, sequencing discretes, and separation in0ication, as

described in 5.2.4.1 and 5.2.4.2 below. Available kit options could provide

additional wiring and connector provisions for electric power, commana ana

telemetry data interface connections between TO5 and the--_pacecraft.

5.2.4.1 Electrical Connectors and Wirin$. The TOS/bpacecraft electrical

interface connectors will be low-force, lanyard-actuated connectors. Access

for mating these connectors will be from the spacecraft side ot the

TOb/Spacecraft _nterface.

5.2.4.2 Electrical Power. The ordnance power interface consists of three

sets of redundant capacitive _ischarge pyrotechnic firing circuits designed to

fire NASA Standard Initiators (hSIs). The sequencing interface consists or

four redundant discretes that are relay closures to spacecraft-furnished power.

These discretes will be generated in the TOS sequencer as time-scheduled func-

tions. Included on the TO5 side of the interface is a connector wire that can

be used by the spacecraft as a separation indication.

5.2.5 TOS Detached Phase Environmental Interfaces

5.2.5.1 Contamination. The TOS vehicle is being designed so that the main

propulsion system and reaction control system (kCb) thruster exhaust will not

impinge direcbly or be reflected upon the SP-IO0 Flight System during an_ mode

of RCS thruster or main engine operation.

5.3.5.2 Vibration_ Shock_ and Axial Accelerations. (TBD)

5.3 INERTIAL UPPER STAGE

An outline sketch of the two-stage (standard) Inertial Upper Stage

(IUS) is shown in Figure 5-11. Ref. 12 provides a summar_ description of the

IDS system, kef. 13 defines the "generic" interface capabilities provided by

the two-stage IDS, which are the standard features incorporated in all two-

s_age IUS vehicles. Where specific spacecraft requires Ibb hardware adoitions/

deletions, changes must be planned/programmed to assure an IUS tailored to the

specific mission. Ref. 13 should be consulted for additional details abou_

the IUS/spacecraft interfaces.
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5.3.1 St.ructura!/Nechanical Interlaces

3.3.1.1 Interface Locations and Attachments. 3he hP-l(i_, _,ill mecl,anic,_l_._

interface with the lbS spacecraft attachment ring at tt,e l_,rward enu ,,I tilt,

equipment support section. Attachment provisions are by a maximun, ol t_igllt
attachment points as shown tn Figure b-l:.

All electrical connections between tub and ,_i'-l(,,0 are maue thr(>u_l)

11 screw-on bayonet-type electrical connectors mounted on a bracket on the It,b

at lbS station 37_. Access for mating to the connector_ is from tile spacecraft

side of the interface plane.

The IOS provides a multi layer insulation (b,L1) blanket across tile

spacecraft/lOS interface plane enclosed b_ the lll.77-inch-diameter bolt

circle. This insulation blanket will be restrained to minimize billo_,ing

during ascent and to prevent contact with spacecraft separation hardware. ]he

maximum penetration of the blanket about the spacecratt/iLb inter_ace plane

due to billowin_ will not exceed IbD inches.

5.3.1.2 bP-It_O beparation from the lob. The spacecratt separation system

shall be provided by the spacecraft, except, if required, for separation

ordnance power as defined in para. 5.3.4.3. The separation plane is normally

displaced from the lOS/Spacecraft attachment interlace by a spacecratt-proviaea

adapter that will remain with the lob when the spacecraft separates.

5.3.1.3 Coordinate Reference Axes. The relationship o_ coorainates between

the IUS and the Shuttle Orbiter is shown in Figure 5-13.

5.3.1.4 Allowable Thermal and Dynamic Envelope. The maximum available

SP-IDO length for an lOS/Spacecraft payload is shown in Figure 5-14.

5.3.1.5 Structure and Loads. The bP-lOO structure shall be desisnea to meet

_he flight loads of SSV liftoff, ascent to orbit, lob flight phase, and abort

landings. Characteristics of the Shuttle-induced environments to be used in

Structural design are described in Section IO.(. of Re_. 2. lhe lOS environ-

mental interfaces are described in para. 3.3, Ref. 13. Factors ot safety to

be used in structural design are as described in para. 5.1.I above, lhe allo_-

able payload cg envelope is presentea in Ref. 13.

5.3.2 Thermal Interfaces

The physical interfaces between the lOS and SP-IOO are as shown in

Figure 5-12. Physical contact occurs only at the eight attachment points ana

electrical interface connector bracket. The insulation bracket across tl,e area

enclosed by the bolt circle is made up of aluminized kapton with polyester net

spacers and an outer layer of aluminized Beta Cloth (Beta Cloth-side out).

Physical properties of this insulation, ana the ILS thermal analysis require-

ments on the spacecraft, are as described in para. 3.2.4, Ref. 13.
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+Z o

+Y_ +X o

ORBITER

(REFERENCE)

+YI
-X I

X =0
I

+X I

ORIGIN: STATION 0.0 IS 379.0 INCHES AFT OF THE SPACECRAFT
INTERFACE PLANE. WATERLINE 0.0 AND BUTTLINE 0.0
ARE AT THE VEHICLE GEOMETRIC CENTERLINE.

x: POSITIVE UP WITH ORBITER IN LAUNCH POSITION.
THE X-AXIS IS ON THE VEHICLE GEOMETRIC CENTERLINE
NORMAL TO THE FORWARD INTERFACE PLANE.

y: POSITIVE RIGHT. (TO COMPLETE A RIGHT-HAND SYSTEM)

z: POSITIVE DOWN WITH ORBITER IN LANDED POSITION.

VEHICLE CLOCK ANGLE: MEASURED POSITIVE CLOCKWISE AS
VIEWED FROM THE +X END OF THE
IUS VEHICLE. THE +Z-AXIS IS
0 CLOCK ANGLE.

[REF: ICD=A-81200, REV. A]

Figure 5-13. Ibb Vehicle/ASk Cooroinate System
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5.3.3 lu_d interfaces

faces.
There are no standard provisions for iLS-to-spacecra/t fluid inter-

5.3.4 Avionics and Electrical Power Interfaces

5.3.4.1 Electrical Connectors and Wirin$. _i_ure 5-15 shows the IU8 system

functional interfaces available to the spacecraft for distribution o_ elec-

trical power, ordnance power, command discrete, telemetry data, spacecraft-

dedicated circuits and RF signals. Ref. 13 specifies the standard wiring and

connector provisions available for interface connections between the IbS

vehicle and the payload.

5.3.4.2 Electrical Power. Ehe power interfaces with the spacecraft will be

through the IDS avionics system for the launch countdown and subsequent ascent

and flight phases to IbS-spacecraft separation. During the prelaunch, ascent

and on-orbit phases, the power to the spacecraft will be provided from space-

craft electrical ground support equipment (EGSE), Shuttle orbiter, or IDS AbE

as required. The IDS and IbS ASE batteries are also used and controlled by

the IU5 Avionics to assure uninterrupted power to the spacecraft in the event

of loss of Orbiter power. Electrical power provided by the IDS to the Ibb/

Spacecraft connector interfaces shall be at 2b + 4 Vdc.

5.3.4.3 Ordnance Power. The Ib8 shall provide and distribute ordnance

power to the IbS/ Spacecraft interface for access (if required) by the space-

craft for the firing of ordnance devices in two groups of eight initiators.

Details of this power are described in kef. 13.

5.3.4.4 Telemetry. The NSTS is required to transmit continuously, in near-

real time, spacecraft engineering telemetry from launch to Ibb/spacecraft

separation. During ascent and on-orbit operations (prior to deployment from

the Orbiter) the spacecraft telemetry will be delivered to the Shuttle Orbiter

payload data interleaver (PDI) via IbS-provided wiring for insertion into the

Orbiter operational instrumentation {O1) data stream as illustrated in _i_ure

5-1b. During ascent, spacecraft telemetry rates are limited to 2 kbps. _o_

on-orbit spacecraft verification testing, higher rates can be accommoaated

depending on whether the N$TS $-band or ku-bana is used. if the S-band is

used, data rates up to 32 kbps can be handled; with the ku-band, 64 kbps.

After deployment of the SP-lOO/ibS, the Ib8 will interleave up to 2 kbps of

Spacecraft data and telemetry via EDRS S-band through to Spacecraft separation

(see Figure 5-17).

5.3.4.5 Commands. 8erial commands for the 5P-IOU from launch throu_i_ to

deployment from the Shuttle Orbiter, are processed via IURS, the 5hurtle

Orbiter PSP, through the IbS, to the spacecraft {see _ig. 5-1b). After

deployment, serial commands to the spacecraft are not possible bec_luse tie Ib8
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system aoes not provide such an interface to the spacecraft. For tile detachea

phase through Spacecraft-IUS separation, tile ILS will have a bround-initiatea

discrete command link via the space-ground link system (._OLb) capability. _he

ItS _ill have the capability of sending to the spacecraft up to eibht redunaant

discrete commands at any time from launch to separation, repeateal}, and in an_

preprogrammed sequence. Digure )-17 shows the command functional inter_aces

during the detached phase.

5.3.5 Environmental Interfaces. The environmental conaitions at the ILSI

Spacecraft interfaces are presented in para. 3.3_ kef. 13.
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SECTION 6

PAYLOAD/NSTS INTERFACE VERIFICATION

The National Aeronautics and Space Administration (7_ASA), for pur-

poses of maintaining personnel safety and Orbiter integrity, has established

minimum payload requirements for verifying the payload-to-shuttle physical and

functional interfaces. Ref. 14 establishes the basic requirements for the

verification. Th_ user is responsible for verifying compatibility of the

payload interfaces with the applicable interface agreements. All payload

physical and functional interface compliance is expected to be accomplished

prior to installation of the payload in the Orbiter cargo bay. NASA is

responsible for _erifying Cargo Integration Test Equipment (CITE) and orbiter

payload-dependent interface compliance before payload installation.

6-I



bELl ION >

kk.F EkE_tE bbtLhi_lb

(I) JhC 07700

Vol. XIV

(2) JSC 0_;00

Vol. XIV, Att 1

(ICD 2-19001)

(3) K-STSFI- 14.1

(4) NHB 17()I..7A

(5) khB 1700.7

(b) JSC 14303

(7) JSC 14029

(5) JSC 1353U

(9) CGTD-3

(GDC Kept)

(I0) (,UC-bSC-b3-010

(GDC Rept)

(II) ICD-SIS-83200

(_IC Doc.)

(12) bZ_0-10052-I

(Boeing Doe.)

(13) ICD-A-81200

(Boein& Doc.)

(14) JbC 14040

"Space Shuttle System Payload Acoommoaati,)ns"

"Shuttle Orbiter/Largo Standard Interfaces';

"Launch Site Accommodations handbook for .%T5 Pabloaas"

"Safety Policy and Requirements for Payloa=s bsin_ tl,e

Space Transportation System"

"Space Transportation System Payload Grouna ba_et)
handbook"

"Space Transportation System 5hurtle/Payload

Integration Activities Plan"

"Shuttle/Payload Standard Integration Plan for

Deployable-Type Payloads"

"Implementation Procedure for 515 Payloads System

Safety Requirements"

"Centaur G _echnical Description (February 1953)"

"Centaur G" Technical Description (January 23, i_54)"

"Interface Control Document Transfer Orbit Stage

5ystem to Spacecraft (Generic) (Preliminary)"

"inertial upper Stage bser's Guide"

"IbS/bpacecraft ICD Parametric Interface Requirements

STS/_wo-Stage IbS-Oeneric"

"Payload interface Verification Requirements"

[GDC: General Dynamics Corp.

F,MC: 3iartin Marietta Corp.]

7-I



SP-IO0 Program Dlstrlbutlon L lst

_-] O0 PROGRAM OFF I

LCDR William E. Wright, Olrector
Deibert F. Bunch, Deputy Director for Nuclear Technology
Judith H. Ambrus, Deputy Director for Aerospace Technology

DARPA
DOEHQ
NASA HQ

SP-I O0 PRqJECT OFFI CE

Vincent C. Truscello, ProJect Manager
Herbert S. Davis, Assistant Manager
John E. Hanson, Deputy Manager for Nuclear Technology
Jack F. Nondt, Deputy Manager for Aerospace Technology
James R. French, System Deflnltlon Manager
Richard A. Wallacep Mlsslon Analysls and Requirements Manager
Kirk G. Gerbrach% ^dmlnstratlon and Operations Manager
R. Joseph. Sovle, Manager, SP-IO0 Office

CIVIL MISSIONS ADVISORY GROUP

JPL
JPL

Los Alamos
JPL

JPL
JPL

JPL
LeRC

.PR..O.JEqTP,EV IEW BOARD

SAFETY ADyISORY COMMITTEE

Len Caveny
Lt. Jason Felg
Lto Efren Fornoles
Lt. Steven Hoeser
Lt. Col, James Lee
Capt. David Perkins
Jim Reams
Col. Frank J. Redd

Boiling AFB
AF/RPL
Klrtland AFB

Space Division
Klrtland AFB
AF/RPL
Wrlght-Patterson AFB
Klrtland AFB

ARGONNE NATIONAL LABORATORY

Richard Lewls

BROOKHAVEN NATIONAL LABORATORY

Herb Kouts

DEPARTMENT OF ENERGY

Dyer Kenney
Ehsan Khan

Stephen Lanes
Lt. Col. Robert Smith
Walter Von Flue
Earl Wahlqulst

DOE/I-K)
DOE/HQ

DOE/HQ

DOE/HQ
DOE/SAN

DOE/HQ

C.M. Cox

INEL

John A. Dearlen



SP-100 Progran Distribution List (Continued)

JDHNSOHSPACE CENTER

Will Ellis

J. Gary Rankln

JPL

Interna I Dlstrlbutlon

LANGLEY RESEARCH CENTER

Ray Hook

LAWRENCELIYERMORENATIONAL

Carl Walter

LEWIS RESEARO_ CENTER

Henry $1one
Ronald Thomas

LOS ALAMOS NATIONAL

Jay Boudreeu

Kaye D. Lathrop

Wayne Hudson
Jerome P. Mullln
Frederick Bowen Jr.

LABORATORY

Resident Office, Klrtland AFB
Headquarters
Resident Office, JPL

Cdr. Larry Burgess
LCOR Wllll_n Mohr
Bill Schmldt
Jim Severance

NAVELEX
NAVELEX
Office of Naval Research
Naval Research Laboratory

OAK RIDGE NATIONAL LI_J_ORATORY

WII lira Harms

SANDIA NATIONAL LABORATORY

Lou Cropp



6/9 ,


